Functional alterations in the dentate gyrus after induction of long-term potentiation, kindling, and mossy fiber sprouting.
1. The effects of long-term potentiation (LTP) and kindling on membrane currents evoked in the dentate gyrus (DG) by stimulation of the perforant path (PP) were studied by current-source density (CSD) analysis in urethan-anesthetized rats. The spatial and temporal patterns of the evoked currents were analyzed after induction of LTP, at 24 h after three afterdischarges (ADs) induced by kindling stimulation, and at 4-5 wk after 70-120 generalized tonic-clonic (class V) kindled seizures. 2. The amplitude of the ipsilateral monosynaptic population excitatory postsynaptic current (iEPSC) evoked in the middle and outer stratum moleculare (STM) of the DG by PP stimulation increased by 20-100% after induction of LTP (N = 7 of 7). There was a trend to shorter onset latency of the iEPSC after induction of LTP, but the duration and spatial distribution of the iEPSC were unchanged (N = 7 of 7). The latency of inward current generated by synchronous granule cell discharge during the population spike decreased by 0.5-1 ms after induction of LTP (N = 6 of 7). 3. There were no significant alterations in the spatial and temporal pattern of the monosynaptic iEPSC evoked by PP stimulation at 24 h after three ADs induced by kindling stimulation (N = 6 of 6), or at 4-5 wk after the last of 70-120 class V kindled seizures (N = 14 of 14). 4. The spatial and temporal distribution of low-amplitude inward currents generated after the population spike was not altered after induction of LTP (7 of 7), or at 24 h after three ADs induced by kindling stimulation (N = 6 of 6). In kindled rats studied at 4-5 wk after the last of 70-120 class V seizures, there was an alteration in evoked currents after the population spike consisting of a distinct peak of net inward current at a latency of 9-12 ms in the proximal STM (N = 10 of 14). Inward current at this latency and location was not observed in > 100 normal rats, in age-matched normal controls (N = 4 of 4), or after acute seizures induced by pentylenetetrazol (35 mg/kg ip, N = 5 of 5). 5. Timm histochemistry was combined with CSD analysis to examine the relationship of the inward current at 9-12 ms to the terminal field of the sprouted mossy fiber pathway, which forms asymmetric, putatively excitatory synapses in the inner STM of the DG in kindled rats. In six of eight kindled rats with sprouted mossy fiber terminals demonstrated by Timm histochemistry, CSD analysis revealed that the peak amplitude of the inward current colocalized with the laminar distribution of sprouted mossy fiber terminals. In the remaining two of the eight kindled rats with sprouted terminals in the inner STM, there was no alteration in the spatial and temporal distribution of inward current after the population spike. 6. In conclusion, LTP and kindling induced distinct alterations in currents evoked in the DG by stimulation of the PP. After induction of LTP, there was an acute increase in the amplitude of the monosynaptic iEPSC and reduction in the latency of currents associated with granule cell discharge, but there was no alteration in the spatial or temporal organization of multisynaptic activity. In contrast, long-lasting effects of kindling included an alteration in the spatial and temporal organization of multisynaptic currents, which was consistent with excitatory synaptic transmission by synaptic terminals of the sprouted mossy fiber pathway. The functional alterations induced by LTP and kindling may have implications for associative properties, information processing, and epileptogenesis in the DG.